ABSTRACT. The concentration of barium in beach sediments between Marsa Alam and Shuqeir, along the Egyptian Red Sea coast was investigated. There is a southward increasing trend in the concentrations of carbonate, barium and strontium. The grain size of the studied sediments follows a converse trend where sediments tend to be finer from north to south. On the other hand, trend analysis showed that barium of unnatural source increases from south to north. The data analysed reveal that the main sources of barium are: 1) The carbonate source, which is clearly confirmed by the close relation of carbonate, barium and strontium and 2) Abnormal increase in the oil exploration industry, which may be responsible for the higher barium concentrations in the northern part of the studied area.
Introduction
At present the Red Sea differs from other oceanic bodies in having high temperatures (greater then 21ºC) and salinities (greater than 40‰) that persist throughout a well-mixed water column (Neumann and McGill, 1962 and Siedler, 1969) . This unusual condition results from the high evaporation and low runoff in its drainage basin, and from the restricted exchange with the Gulf of Aden and the Indian Ocean; through the Strait of Bab el'Mandeb where depth is only 125 m (Milliman et al., 1969) .
The narrow coastal plain of the Egyptian Red Sea lies between the high, fringing mountains consisting mostly of crystalline rocks and the waters of the sea. Along the shores there is an almost continuous ridge of emergent reef terraces between 0.5 to 10 km wide. Between these terraces and the foot of the crystalline hills extends a sand gravel surface that is inclined towards the sea with gradients ranging from 1:80 to 1:200 (Sestini, 1965 and Akkad & Dardir, 1966) . The width of this plain ranges from, less than one km to over 20 km (Said, 1969) . The coastal plain at the northern part (Shuqeir area) is wide decreasing southward (Marsa Alam). The main sources of sediments to the Egyptian Red Sea beaches are the terrestrial deposits transported from the abutting basement crystalline rocks and Cretaceous-Tertiary sediments during the occasional runoffs through the numerous wadis. During previous work on metals in the Egyptian Red Sea beach sediments (Rifaat and El-Mamoney, this volume) we found that barium is abnormally enriched in these sediments over the natural concentrations recorded by many authors (e.g., Martin and Meybeck, 1979 and Ure & Berrow, 1982) . Barium is known to occur in marine organisms and seawater. It is precipitated, biogenically by marine organisms during the formation of their carbonate shells and skeletons, and chemically with iron-manganese oxides. Also, barium is precipitated in vicinity of active hydrothermal regions. The highest recorded natural concentration of barium in sediments is found in deepsea clays (2300 ppm) (Turekian and Wedepohl, 1961) . The present paper deals with analyses of sediments collected from the beach area from Marsa Alam to Shuqeir (Fig. 1) . Discrimination between natural-and unnatural-barium in sediments may help defining the source, which contribute high barium flux to the beach environment. This discrimination was confirmed by determining the strontium in sediments of the study area since barium and strontium are closely related to each other and co-precipitated together during carbonate formation (Lippmann, 1973) .
Materials and Methods
Representative sediment samples were collected from the beach face along the entire studied area, which extended from Marsa Alam city south (Latitude 25º4'29''N) to Shuqeir north (Latitude 28º-3'39''N) along the Egyptian Red Sea (Fig. 1 & Table 1 ). The beach face zone represents the region in which sediments transported by sea currents are deposited. The samples were analysed granulometrically following Folk (1974) to determine the grain size parameters. Chemical analysis included the determination of total carbonate, barium and strontium contents. The total carbonate content was determined according to Molnia (1974) , whereas the barium and strontium contents were determined by Atomic Absorption Spectrophotometery using the extraction procedure of Tessier et al. (1979) . The results of grain size and chemical analyses are shown in Table 2 .
Results and Discussion
The beach sediments in the study area are predominantly sands. The grain size of the sediments increases from south (Marsa Alam) to north (Shuqeir) (Fig. 2) . This result was also noticed by Moussa et al. (1986) . At Marsa Alam the beach sediments are moderately well sorted fine (mean size = 2.25 phi) to medium sands (mean size = 1.24 phi), while those at Shuqeir are moderately well to very well sorted medium (mean size = 1.63 phi) to very coarse sands (mean size = -0.09 phi) ( Table  2 ). The content of terrestrial deposits is the major control in determining the mean grain size of sedi- ments, where most of the coarse sands are mainly quartz, feldspars, and other silicate mineral grains. However, the low contribution of terrestrial deposits to the shore in the south led to the fineness of beach sediments. This is because eroded carbonate grains are easier to be broken than silicate grains during reworking processes. The total carbonate of sediments ranges from 2.9% to 92.0% (Table 2) decreasing from south (Marsa Alam) to north (Shuqeir) (Fig. 3) . This is also consistent with the data of Moussa et al. (1986) .
Barium in beach sediments of the study area ranges between 182 ppm and 6776 ppm with a mean of 2367 ppm. This mean concentration is higher than the mean concentrations of barium in shales: 580 ppm, carbonate: 10 ppm (Turekian and Wedepohl, 1961) , mean crust: 500 ppm, mean sediment: 460 ppm (Bowen, 1979) , river sediment: 600 ppm (Martin and Meybeck, 1979) , soil: 568 ppm (Ure and Berrow, 1982) and is similar to deep sea clays: 2300 ppm (Turekian and Wedepohl, 1961) . The higher coprecipitation amount of hydrous oxides in the deep-sea clays provide an explanation for the particularly strong enrichment of barium in these deposits (Förstner and Wittmann, 1981) . However, this explanation does not apply in the area of study due to the higher seawater temperature and stronger agitation conditions, that may hinder high precipitation of hydrous oxides in the nearshore environment of the Egyptian Red Sea. On the other hand, barium and strontium correlate well with total carbonate content (Fig. 3) , as the two elements decrease from south to north following the same spatial distribution of carbonate. The association of barium and strontium are noticed by many authors (e.g., Bowen, 1956; Pilkey & Goodell, 1963; Mauchline & Templeton, 1966 and Livingston & Thompson, 1971) . These authors have shown that barium and strontium are precipitated as carbonate in the form of aragonite either chemically from seawater or biogenically by marine organisms. Lippmann (1973) reported that barium is associated with aragonite and that Madreporarian corals -the dominant species of corals along the Egyptian Red Sea -are 100% aragonite. Again, the coprecipitation of barium and strontium with carbonate cannot account, solely, for the high concentration of barium in the beach sediments of the Red Sea, especially that barium in carbonate sediments does not exceed ~500 ppm (Bowen, 1956; Milliman, 1974) . Therefore, the concentrations of barium in sediments of the study area are multiplied by the reciprocal of carbonate content to eliminate the effect of carbonate. The results (Fig.  4) showed that non-carbonate barium increases from south (Marsa Alam) to north (Shuqeir), where oil exploration and production processes are operated. Oil exploration in the Egyptian Red Sea is restricted to the Gulf of Suez and the northern part of the Red Sea proper. The effect of bariumbearing mud used during drilling operations of oil wells is prominent at Shuqeir city, the case that is also noticed by Holmes (1982) in the Gulf of Mexico, where barium is enriched in sediments due to its high content in drilling mud. Other sources of barium could be neglected; these are barium enrichment by organic matter (Mauchline & Templeton, 1966; Wakefield & O'Sullivan, 1996 and Rutten et al., 1999 and barium contributed by hydrothermal solutions (Eriksson et al., 1997; Souissi et al., 1997 and Cronan & Hodkinson, 1997) since the first is very low to explain for the high barium concentrations in sediments of the area of study and secondly the areas of known hydrothermal activities are too far and deep to contribute high barium concentrations to the beach sediments of the study area.
Conclusion
Barium is enriched in beach sediments of the Egyptian Red Sea coast. The oil drilling and exploration industry may contribute a high flux of the element resulted from the drilling mud. The concentration of barium in sediments can be used successfully to trace the effect of oil industry on the adjacent marine environment. 
